The effects of two transport systems and cryoprotective agents on the survival of bacteria in ground beef samples were evaluated. Survival of Clostridium perfringens in ground beef samples after simulated transport (72 h) was higher (about 99%) in Dry Ice than in Trans Temp shipping units (-3°C). There were no significant differences between the two transport systems in survival of coliforms, Escherichia coli, Staphylococcus aureus, or aerobic bacteria. Mixing ground beef samples at a ratio of 1:1 (wt/vol) with 10, 20, or 30% buffered solutions of dimethyl sulfoxide or glycerol before freezing improved the survival of C. perfringens and coliforms in both transport systems. Recovery of E. coli was significantly higher with the addition of 10% dimethyl sulfoxide before Dry Ice transport. Addition of 10% dimethyl sulfoxide resulted in a 100% recovery of both S. aureus and aerobic bacteria from ground beef after simulated transport in Trans Temp shipping units. The use of cryoprotective agents can improve the survival of bacteria during transport of ground beef samples.
Many states and municipalities have been considering promulgating microbiological standards or criteria for meat products, such as ground beef. Ensuring compliance with such regulations will involve the shipment of meat samples from the point of origin to a laboratory for identification and enumeration of the microorganisms. Freezing is a convenient and common method of preventing additional microbial growth during transport of samples. Both the Trans Temp at -30C and Dry Ice (1, 8, 17 ) (R. Johnston, personal communication) are now used for such sample transport, even though sub-zero temperatures can have a sublethal or lethal effect on certain microorganisms. Blast-freezing immediately reduces the numbers of vegetative Clostridium perfringens cells 10-fold (5). Cell death is 40% or higher for Escherichia coli when meat broth, crab meat, or liquid whole eggs are frozen (25) . Staphylococcus aureus, which is considered the most freeze resistant of the common food-borne pathogens (10) , has recoveries ofonly about 60% in corn syrup and no apparent survival in sodium alginate after 24 h at -21°C.
Hauschild and Hilsheimer (15) perfringens HT2 and S. aureus in the late logarithmic phase of growth were transferred to 9-ml tubes of 0.1% phosphate-buffered diluent. A 5-ml sample of each cell suspension was added to the 2,000 g of ground beef, and the meat was passed through the grinder twice to obtain a uniform distribution of approximately 104 cells per g for each species. Coliforms, E. coli, and aerobic bacteria were not inoculated into the ground beef to increase their normal incidence.
Transport system. Two systems, Dry Ice and the Trans Temp insulator (model 312, Kay Laboratories, Inc., Moberly, Mo.), were evaluated. For the Dry Ice system, meat samples were frozen in Dry Ice for 24 h and then transferred to a Freeze-Safe shipping container (model 3960-F02, Polyfoam Packers Corp., Chicago, Ill.) with adequate Dry Ice for 72 h. Times in excess of 72 h were not used because the rate of lethality is highest early in storage, and most shipments can be completed in 72 h. The meat samples for tests in the Trans Temp insulator were frozen at -11°C for 24 h and then placed in the insulator with cartridges of coolant containing a eutectic salt mixture designed to keep the internal temperature in the insulator constant at -3 ± 1°C for 72 h.
Cryoprotectants. DMSO (J. T. Baker Chemical Co., Phillipsburg, N.J.) and glycerol (Fisher Scientific Co., Fair Lawn, N.J.) were prepared on a weight-tovolume basis with 0.1% phosphate-buffered diluent and adjusted to pH 7.0 ± 0.1 to obtain 10, 20, and 30% solutions. The stock solutions of DMSO and glycerol were autoclaved for 15 min at 121°C. Cryoprotectant (25 ml) was mixed with a 25-g sample of ground beef in a sterile polyethylene Whirl-Pak bag (NASCO, Inc., APPL (Table 3) . These results are similar to those of Georgala and Hurst (10), who reported that recoveries of Salmonella typhimurium from ground beef are 50% greater at -20°C than at -2°C. Numbers of other microorganisms were also reduced significantly (P c 0.05) in our study, but the magnitude of the reduction was not as great (Tables 4 through 7) . Samples stored in the Dry Ice container resulted in significantly (P c 0.05) lower coliform and E. coli counts (Tables 4 and 5 ). Numbers of S. aureus and aerobic bacteria in ground beef samples in the Trans Temp insulator were also reduced significantly (P c 0.05) during holding (Tables  6 and 7) . Although the magnitude of the reduction of these bacterial numbers was small, the reduction may be important from a regulatory viewpoint and the interest in microbiological standards.
Possibly, the rate at which bacterial suspensions are frozen and subsequently thawed affects survival. Mazur (19, 20) suggested that the optimum cooling rate depends on the interaction of two classes of freezing events: effects of solution, which are responsible for injury when cooling is slower than optimal, and effects of intracellular freezing when cooling is faster than optimal. Accordingly, an optimal cooling rate would permit a cell to dehydrate and thus avoid intracellular freezing, yet would be rapid enough to minimize the time that cells are exposed to solution effects. Calcott and MacLeod (5) reported that E. coli cells show peak survival at a cooling rate of 8°C/min. We expected that reduction in numbers of bacteria would be greater in the Dry Ice system because those samples were frozen consistently at a faster rate than those in the Trans Temp insulator, but, in some instances, the converse was true. The extent of bacterial death or injury may also increase as suspensions are repeatedly frozen and thawed (13, 14, 16, 18, 27) . Possibly at -3°C in the Trans Temp insulator, different portions of the sample slowly and continuously freeze and thaw, so that cells are damaged.
The use of cryoprotectants in general increased the recovery of all bacteria (Tables 3  through 7 ). In the Trans Temp insulator, C. perfringens was more readily recovered (P c 0.01) when DMSO or glycerol was added to the samples (Table 3) , and survival was about 2 logarithms higher than for the samples without cryoprotectants. Only the addition of 30% glycerol to the sample gave cell numbers of C. perfringens that did not change significantly during holding in the Trans Temp. The cryoprotectants had no significant effect on the recovery of C. perfringens in the Dry Ice system and, even without the cryoprotectants, the cell numbers were similar to those in the samples in the Trans Temp with cryotprotectants. The Food and Drug Administration manual (8) recommends the use of a buffered glycerol salt solution for the transport of meat samples contaminated with C. perfringens.
In the Dry Ice system, the addition of cryoprotectant to samples maintained (P c 0.05) the recovery at the initial level for coliforms (Table 4 ) and E. coli (Table 5) , whereas without the cryoprotectant the counts were significantly lower than the initial level. In the Trans Temp insulator, the use of 30% glycerol was the least effective method (P < 0.05) for the recovery of coliforms. At 30% glycerol, the meat sample was not in a frozen state, and the solution effect probably killed bacteria. For samples containing 10% DMSO and 20% glycerol and stored in the Trans Temp insulator, E. coli numbers were unaccountably lower (P s 0.05) after rather than before storage. In the Trans Temp system, recovery of S. aureus was maintained at the same (7) .
Mean of control samples: packaged, frozen, and stored with no added suspending media. 
